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Abstract
Background: Proper patterning of the follicle cell epithelium over the egg chamber is essential for
the Drosophila egg development. Differentiation of the epithelium into several distinct cell types
along the anterior-posterior axis requires coordinated activities of multiple signaling pathways.
Previously, we reported that lethal(2)giant larvae (lgl), a Drosophila  tumor suppressor gene, is
required in the follicle cells for the posterior follicle cell (PFC) fate induction at mid-oogenesis.
Here we explore the role of another two tumor suppressor genes, scribble (scrib) and discs large
(dlg), in the epithelial patterning.
Results: We found that removal of scrib or dlg function from the follicle cells at posterior terminal
of the egg chamber causes a complete loss of the PFC fate. Aberrant specification and
differentiation of the PFCs in the mosaic clones can be ascribed to defects in coordinated activation
of the EGFR, JAK and Notch signaling pathways in the multilayered cells. Meanwhile, the clonal
analysis revealed that loss-of-function mutations in scrib/dlg at the anterior domains result in a
partially penetrant phenotype of defective induction of the stretched and centripetal cell fate,
whereas specification of the border cell fate can still occur in the most anterior region of the
mutant clones. Further, we showed that scrib genetically interacts with dlg in regulating posterior
patterning of the epithelium.
Conclusion: In this study we provide evidence that scrib and dlg function differentially in anterior
and posterior patterning of the follicular epithelium at oogenesis. Further genetic analysis indicates
that scrib and dlg act in a common pathway to regulate PFC fate induction. This study may open
another window for elucidating role of scrib/dlg  in controlling epithelial polarity and cell
proliferation during development.
Background
The follicle cell (FC) epithelium over the egg chamber in
Drosophila ovary plays a pivotal role in the egg develop-
ment. At oogenesis, follicular epithelial cells along the
anterior-posterior (AP) axis are specified and differenti-
ated into several distinct cell types that will subsequently
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either undergo a series of morphogenetic changes, or
extend the germline-soma interactions [1-3]. While most
of the epithelial FC subpopulations contribute to con-
struction of the eggshell along with its specialized struc-
tures such as dorsal appendages through complex
morphogenesis, the specified PFCs initiate establishment
of the oocyte polarity, and determine the AP and dorsal-
ventral (DV) axes of the resulting embryos. Thus, pattern-
ing of the follicular epithelium is an essential step for the
proper development of the egg.
Drosophila oogenesis begins with formation of the 16-cell
germline cyst in the germarium of the ovaries that is com-
posed of 15 nurse cells and one oocyte. Each germline cyst
is then encapsulated by a monolayer of the somatic stem
cell-derived FCs [1,4]. After the encapsulated cysts leave
the germarium, the surrounding somatic FCs develop into
a sheet of cuboidal epithelial cells and a pair of polar cells
at each pole of the nascent egg chamber. As oogenesis pro-
ceeds, the follicular epithelium in the egg chamber
becomes progressively polarized along the AP axis [5].
Early on, two terminal domains are differentiated from
the mainbody region in the epithelial FC layer. Further,
cells in each terminal domain can adopt three different
terminal fates, depending on their locations away from
the poles of the chamber [1,6,7]. In this way, the mirror
image prepattern of the terminal domains in the epithe-
lium is generated. This symmetry was broken at mid-oog-
enesis when Gurken signal, produced in the oocyte,
activates the EGFR signaling pathway in the surrounding
FCs at the posterior of the egg chambers, defining a poste-
rior fate in those cells [5,8-11]. At this time, AP patterning
of the epithelium is established. Starting from stage 7, the
epithelial FCs cease proliferation and enter an endocycle
[12,13]. By stage 8, all specified FC types in the epithelium
along the AP axis are differentiated into five distinct sub-
populations, known as border, stretched, centripetal,
main body and posterior cells.
Once becoming subdivided into various cell types along
the AP axis, the epithelial FCs undergo dramatic cell shape
change and directed migration at middle and late oogen-
esis [1,2]. These morphogenetic processes include: (1)
During stage 9, a group of 6-10 border cells delaminate
from the anterior tip of the epithelium and migrate
between the nurse cells to the anterior end of the oocyte;
(2) At the same time, the majority of the FCs, including
the centripetal, mainbody and PFC cells, move posteriorly
to form a columnar epithelium covering the growing
oocyte, while the stretched cells adjacent to the border
cells flatten to be in association with the nurse cells as a
squamous epithelium; (3) At stage 10b, the centripetal
cells migrate between the nurse cells and the oocyte
towards the center of the egg chamber to cover the ante-
rior region of the oocyte. The unique morphogenesis
above conferred by the patterned follicular epithelium is
destined to bring the vast majority of the FCs into contact
with the oocyte for ultimate formation of the eggshell
with its specialized structures.
Apart from being involved in the deposition of a func-
tional eggshell, the specified PFCs function in the axial
patterning of the oocyte and the resultant embryo. During
stage 6-7, the PFCs signal back to the oocyte, causing the
reorganization of its microtubule (MT) cytoskeleton
[14,15]. This directs the MT-dependent localization of
bicoid and oskar mRNA to the anterior and posterior pole
of the oocyte respectively, thus defining the AP polarity of
the oocyte, and the resulting embryo's AP axis [15-17].
The repolarization of the MT cytoskeleton also triggers the
migration of the nucleus from the posterior to the dorsal
anterior corner in the oocyte [18]. At this time, the local-
ized Grk around the nucleus signals for a second time to
induce the overlying main body cells to adopt a dorsal,
rather than a ventral fate, specifying the pattern of the DV
axis [10,11,19-21]. Thus, the PFCs execute dual functions
for the egg development.
Each cell in a given tissue or organ can interpret its posi-
tional information provided by signaling molecules from
a local source to adopt a specific fate. Several lines of evi-
dence have indicated that the JAK/STAT and EGFR path-
ways, elicited by the signaling ligands Unpaired from the
polar cells and Gurken from the oocyte respectively, func-
tion in the AP patterning of the entire follicular epithe-
lium. Prior to stage 6 of oogenesis, the graded JAK/STAT
pathway activities induce the division of the FC layer into
the two terminal domains and the main body domain,
and three default anterior fates within each terminal
[6,7,22]. Later on, activation of EGFR signaling pathway
in the posterior terminal instructs those terminal cells to
adopt a posterior, rather than an anterior fate. Meanwhile,
the Notch signaling activity is necessary for differentiation
of those specified FC types by controlling a switch from
mitosis to endocycle in the epithelium at early mid-oog-
enesis [12,13]. Although essential role of the JAK signal-
ing in patterning the AP axis of the follicular epithelium is
established, current data also suggest that other signals
present at the terminal are required for specification of the
distinct anterior fates, particularly induction of the
stretched and centripetal cell subpopulations[1,6,7].
To date, several genes have been showed to regulate the
above three well-characterized signalling pathways at oog-
enesis, thereby being implicated in the follicular pattern-
ing [23-28]. For example, the Hippo (Hpo) tumor
suppressor pathway components are involved in the PFC
fate induction through modulating the Notch activity [24-
26,29]. Recently, we reported that lgl is required in the FCs
for specification and differentiation of the PFCs at mid-BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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oogenesis [30]. In this study we tested another two Dro-
sophila tumor suppressor genes scrib and dlg for their role
in PFC fate induction. Removal of scrib or dlg function
from the epithelial FCs at the posterior resulted in a loss
of the PFC fate, subsequently causing oocyte polarity
defects. Further, we showed that the aberrant coordinated
activities of EGFR, JAK/STAT and Notch pathways elicited
by mutations in scrib/dlg are causally linked to defective
specification of the PFC fate in the mosaic clones. We also
investigated whether scrib/dlg are implicated in anterior
patterning of the follicular epithelium. Inactivation of
scrib or dlg in the FCs at the anterior disrupted specifica-
tion of the stretched and centripetal cell fate, whereas dif-
ferentiation of the border cells can still occur in the most
anterior regions of the mutant clones. Finally, we pro-
vided genetic evidence that scrib and dlg function in poste-
rior patterning of the epithelium in a common pathway.
Results
scrib/dlg are required for specification and differentiation 
of the PFCs
In Drosophila, lgl, scrib and dlg are classified as the neoplas-
tic tumor suppressor genes (nTSGs), which work in con-
cert to control the cell polarity and proliferation in
epithelial tissues [31-35]. Recently, we have shown that
removal of lgl function from the FCs at the posterior of egg
chambers results in failure of the oocyte to be polarized
along AP and DV axis at mid-oogenesis. These defects
have been attributed to lacking of the specified PFC fate in
the mutant chambers [30]. Here we tested whether other
two nTSGs scrib and dlg are implicated in specification and
differentiation of the PFCs. For this purpose, we analyzed
the expression of the specific PFC fate marker 998/12 in
scrib or dlg mutant clones. Remarkably, in the stage 9/10
mutant egg chambers, expression of the 998/12 reporter
was disrupted in all examined clones at the posterior that
are homozygous for the null alleles scrib2 or dlgm52 in a
cell-autonomous manner (scrib2, n = 64; dlgm52, n = 45)
(Fig 1B, C). Since proper differentiation of the PFCs is
essential for reorganization of the microtubule cytoskele-
ton in the oocyte, hence for the oocyte polarity formation,
it is deducible that mutations in scrib/dlg can cause defec-
tive microtubule polarization and oocyte polarity at mid-
oogenesis. Indeed, both Kinesin-lacZ (KZ) and Staufen
were either mislocalized from the posterior pole to the
center of the oocyte, or diffused around the cortex of the
oocyte at stage 9/10 of oogenesis when scrib or dlg mutant
clones harbored the entire posterior FCs (KZ: scrib2, 100%,
n = 36; dlgm52, 100%, n = 51; Staufen: scrib2, 100%, n = 57;
scrib1, 100%, n = 66; dlgm52, 100%, n = 50) (Fig 1E, F, H, I
and data not shown). Taken together, these results indi-
cated that like lgl, scrib/dlg are required in FCs in a cell-
autonomous manner for specification and differentiation
of the PFCs.
Disruption of the signaling pathways may underlie the 
defective PFC fate induction in scrib/dlg mutants
It is known that combinatorial activities of the JAK/STAT,
EGFR and Notch signaling pathway determine specifica-
tion and differentiation of the PFCs [3,6,8,9,12,13,36].
Perturbing one or more of the three pathways may lead to
a loss of the PFC fate. We, therefore, examined whether
disruption of the above signaling pathways links scrib/dlg
mutations to the defective PFC fate induction by analyz-
ing the expression of pathway-regulated targets and/or
effectors in the mosaic egg chambers. We first chose to test
whether loss of the PFC fate in scrib/dlg mutant chambers
is causally linked to defective EGFR pathway. A enhancer
trap line BB142 in which lacZ is expressed under the con-
trol of kekkon (kek), a primary downstream target gene of
the EGFR pathway, was employed to assay EGFR signaling
Loss of scrib or dlg function causes defects in specification and  differentiation of the PFCs Figure 1
Loss of scrib or dlg function causes defects in specifica-
tion and differentiation of the PFCs. Wild-type (A, D 
and G) and mutant egg chambers containing scrib2 (B, E and 
H) or dlgm52 (C, F and I) clones at the posterior marked by 
the absence of nuclear GFP (green in B, C, E, F and H) or β-
gal (green in I), stained for nuclei (DAPI, blue) and β-gal(red 
in A-F) or Stau (red in G-I). (A-C) Expression of the PFC 
marker 998/12 can be observed in stage 10 wild type egg 
chambers (A, A'), whereas loss of 998/12 expression is evi-
dent in the scrib2 (B-B") and dlgm52 (C-C") clone cells. Note 
that 998/12 is still present in the remaining wild-type poste-
rior cells (B, C), indicating that scrib and dlg act cell-autono-
mously in specifying the PFCs. (D-F) In the wild type, 
Kinesin-lacZ is localized at the posterior of the oocyte at 
stage 9 chambers (D). But the fusion protein is mislocalized 
to the center when the FCs at the posterior are homozygous 
for scrib2 (E) and dlgm52 (F). (G-I) In stage 10 wild type egg 
chambers, Stau accumulates at the posterior of the oocyte 
(G). Stau is mislocalized to the center as a dot when scrib (H) 
or dlg (I) is inactivated in FCs at the posterior.BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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activities [23,37]. In the wild type (Fig 2A and [23,37]),
kek expression is detected in the PFCs in stage 7/8 egg
chambers, and subsequently becomes restricted to the
dorsal FCs at stage 10. Remarkably, loss of kek expression
is evident in all tested egg chambers at stage 8 with a FRT
clone homozygous for scrib2 or  dlgm52 at the posterior
(scrib2, n = 62; dlgm52, n = 35) (Fig 2B, C). In the mutant
clones only harboring part of the posterior domain, we
observed that activation of the EGFR signaling can still
occur in the remaining wild type cells (Fig 2B, C), indicat-
ing that the EGFR pathway was disrupted in a cell-auton-
omous fashion. To corroborate this finding, we
performed the immuno-staining of the ovaries using the
antibody against Dystroglycan (DG), an extracellular
matrix receptor that is down-regulated in the PFCs by
EGFR signaling starting from stage 6/7 (Fig 2D, E) [38].
Consistently, scrib/dlg mutant clones at the posterior of
stage 9/10 chambers displayed a cell-autonomous up-reg-
ulation of DG expression (scrib2, 59.1%, n = 22; scrib1,
60%, n = 10; dlgm52, 38.1%, n = 21) (Fig 2F and data not
shown), providing more evidence that loss of scrib/dlg
function perturbs activation of EGFR signaling at the pos-
terior. Altogether, the results support a notion that disrup-
Loss of scrib/dlg function in FCs at the posterior disrupts the EGFR signaling Figure 2
Loss of scrib/dlg function in FCs at the posterior disrupts the EGFR signaling. Wild type (A, D, E, G and H) and 
mosaic egg chambers with scrib2 (B, F and I) or dlgm52 (C and J) clones at the posterior, marked by the absence of nuclear GFP 
(green in B, C, F and I) or β-gal (green in J), stained for nuclei (DAPI, blue), β-gal (red in A-C), DG (red in D-F) or dp-ERK (red 
in G-J). (A-C) In the wild type, expression of kek enhancer trap marker BB142 can be observed in the PFCs at stage 6-8 egg 
chambers (A). Expression of BB142 is completely absent in the scrib2 (B-B") and dlgm52 (C-C") clone cells at stage 8 egg cham-
ber. (D-F) In the wild type, DG is evenly expressed in all FCs before stage 6/7, when DG is down regulated in the PFCs (D, 
D'). At stage 9/10, DG expression is dramatically reduced in all FCs except the AFCs (E, E'). Remarkably, ectopic expression of 
DG in all cell-membrane domain is evident in the scrib2 multilayered clone cells at stage 9/10 chambers (F-F"). (G-J) In the wild 
type, dp-ERK can be detected in the posterior FCs from stage 6-8 (G, G', H and H'), and in dorsal FCs at stage 9 (H, H'). ERK 
activation can still occur in scrib2 (I-I") or dlgm52 (J-J") mutant posterior FCs at stage 6 egg chamber.BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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tion of the EGFR signaling is the cause of defective PFC
fate induction in scrib/dlg mutants.
To better understand how the EGFR signaling is disrupted
in the mutant FCs at the posterior, we further examined
whether mutations in scrib/dlg block activation of ERK, the
key signal transducer of EGFR pathway [39,40]. Our anal-
ysis revealed that ERK activation can still occur in the pos-
terior scrib or dlg mutant FCs at stage 6-8 of oogenesis, as
indicated in the presence of di-phosphorylated form of
ERK (scrib2, n = 23; dlgm52, n = 28) (Fig 2I, J). These data
suggest that disruption of the EGFR signaling pathway at
the posterior domains induced by loss of scrib or dlg may
take place downstream of ERK activation.
It has been reported that the posterior FCs with aberrant
EGFR signaling adopt a default anterior fate, instead of the
PFC fate [8,9,38]. This prompted us to test if it is the case
in the scrib/dlg  mutants by examining expression of a
series of the anterior follicle cell (AFC) fate markers. First,
we did not detect any expression of either border cell or
stretched cell markers in the PFC mutant for scrib or dlg, as
evident in the staining with antibody against Slbo (scrib2,
n = 66; scrib1, n = 32; dlgm52, n = 54) (Fig 3B and data not
shown) (Table 1) or β-gal for MA33 enhancer trap line
(scrib2, n = 37; dlgm52, n = 12) (Fig 3D and data not shown)
(Table 1). Further, we analyzed expression pattern of
more AFC fate markers in the mosaic chambers using
enhancer trap lines BB127, dpp-lacZ  and L53b, which
label the centripetal cells or all AFCs respectively
[8,41,42]. As shown in Fig 3F and Table 1, only a small
percentage of the mutant clones expressed BB127, dpp-
lacZ or L53b, indicating that the mutant FCs at the poste-
rior rarely adopt the AFC fate. In this case, loss of scrib or
dlg differs from mutations of the EGFR pathway compo-
nents in that EGFR pathway mutant FCs at the posterior
can routinely adopt a default anterior fate. Overall, the
posterior FCs lacking scrib or dlg do not adopt either the
PFC or a default terminal cell fate at mid-oogenesis.
In addition to EGFR pathway, JAK/STAT and Notch path-
ways are also essential for specification and differentiation
of the PFCs. Given that disruption of JAK and/or Notch
signaling could cause failure of the FCs at the posterior to
adopt a terminal fate, we reckoned that both JAK/STAT
and Notch pathways may be also implicated in defective
posterior patterning of the epithelium in scrib/dlg
mutants. To address this question, we investigated
whether the above two signaling pathways are properly
activated in scrib or dlg mutant clone cells at the posterior.
In the case of JAK/STAT pathway, the nuclear accumula-
tion of STAT92E protein is considered as an indicator of
the signaling activation (Fig 4A) [6,27,28,43]. We, there-
fore, assessed JAK signaling activity in the mutant clones
by analyzing the subcellular localization of STAT92E pro-
tein. In our experiments, STAT92E nuclear accumulation
was present in outer layer, but not in inner cells of the
multilayered clones (scrib2, n = 32; scrib1, n = 12; dlgm52, n
= 20) (Fig 4B, C and data not shown), indicating that JAK/
STAT pathway can still be activated in part of the posterior
mutant cells. To explain why the mutant FCs at the poste-
rior hardly express the terminal fate markers, we need to
further determine how mutations in scrib/dlg affect Notch
signaling. For this purpose, we next checked the expres-
sion pattern of Hindsight (Hnt) and Cut, the target genes
of Notch signaling in the mutant clones at the posterior.
The scrib/dlg mutant FCs at the posterior rarely adopt a  default AFC fate Figure 3
The scrib/dlg mutant FCs at the posterior rarely 
adopt a default AFC fate. Wild type (A, C and E) and 
dlgm52 (B) or scrib2 (D and F) mosaic chambers stained for 
nuclei (DAPI, blue) and Slbo (red in A and B) or β-gal (red in 
C-F). The mutant clones are marked by lack of the nuclear 
GFP (green). (A, B) In stage 8 wild type egg chamber Slbo is 
exclusively expressed in the border cells at the anterior pole 
(A, A'). This border cell marker is not ectopically expressed 
in the dlgm52 clone cells at the posterior (B, B'). (C, D) In the 
wild type, MA33 specifically labels the stretched cells, which 
cover the nurse cells at the anterior of the stage 10 egg 
chamber (C, C'). In the mosaic egg chamber, expression of 
this enhancer trap marker is present in the wild type 
stretched cells, but absent in scrib2 FCs at the posterior (D, 
D') as the same as the wild type. (E, F) The enhancer trap 
insertion BB127 is specifically expressed in the centripetal 
cells in stage 10b wild type egg chamber (E, E'), and occasion-
ally labels the scrib2 follicle cells at the posterior (F, F'). Note 
that only one or two mutant cells adopt BB127- expressing 
cell fate (arrows in F, F').BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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In the wild type, the expression of Hnt is induced by
Notch pathway, whereas this signaling controls downreg-
ulation of Cut [44,45] (Fig 4D, F). Significantly, loss of
Notch signaling activity is evident in outer layer of all pos-
terior multilayered clones mutant for scrib or dlg, as indi-
cated by absence of Hnt (scrib2, n = 51; scrib1, n = 11;
dlgm52, n = 21) (Fig 4E and data not shown) or prolonged
expression of Cut (scrib2, n = 30; scrib1, n = 9; dlgm52, n =
23) (Fig 4G, H and data not shown). In contrast, we found
that Notch pathway is activated in inner cells of the clones
in a variable percentage of scrib/dlg  mosaic chambers
(Hnt: scrib2, 92.2%, n = 51; scrib1, 90.9%, n = 11; dlgm52,
57.2%, n = 21; Cut: scrib2, 90%, n = 30; scrib1, 88.9%, n =
9; dlgm52, 69.6%, n = 23) (Fig 4E, G, H and data not
shown). Disruption of Notch signaling in outer cells of
the multilayered clones was confirmed by using a Notch-
dependent transcriptional reporter, m7-lacZ  [24,46]. As
shown in Fig 4J, in all dlgm52 clones tested in this report,
m7-lacZ  expression was beyond detection in the outer
layer of cells, whereas the inner cells in contact with the
germline express this reporter (dlgm52, 100%, n = 22).
Altogether, the data strongly suggest that loss of scrib/dlg
function results in disruption of JAK signaling in inner
cells of multilayered clones, and aberrant Notch pathway
in outer layer of cells. Thus, JAK and Notch signaling can
not be coordinately activated in the mutant FCs at the pos-
terior. These defects in the coordinated signaling activities
could underlie the observations that scrib/dlg mutant FCs
at the posterior domain barely adopt a default terminal
fate.
In sum, loss-of-function mutations in scrib/dlg cause per-
turbation of coordinated activities of the three signaling
pathways, which could well explain why the mutant FCs
at the posterior lose the PFC fate and do not adopt an AFC
fate either.
Mutations in scrib/dlg cause aberrant anterior patterning 
of the follicular epithelium
The graded activities of JAK signaling regulate subdivision
of the AFCs into three distinct cell types along the AP axis
[6,47]. Differentiation of the three AFC subpopulations
also requires proper Notch signaling, as it occurs in the
mainbody and PFC cells. We showed that loss of scrib/dlg
function causes defects in coordinated activities of EGFR,
JAK/STAT and Notch pathways in FCs at the posterior,
which are causally linked to loss of the PFC fate. This find-
ing prompted us to further investigate how the anterior of
the follicular epithelium is patterned in scrib/dlg mutant
chambers. To this end, we generated the mutant clones at
the anterior, and first examined the mosaic chambers for
expression of either molecular marker or enhancer trap
lines that label specific AFC fates. In an overwhelmingly
high percentage of stage 8/9 chambers with scrib or dlg
mutant clones covering the entire anterior domain (scrib2,
95.5%, n = 67; dlgm52, 86.3%, n = 51), Slbo was expressed
in a number of FCs located around the polar cells, pre-
dominantly in outer layer of the multilayered clone cells
(Fig 5B, C) (Table 2). This data suggest that induction of
border cells, the most terminal anterior fate, still occur in
scrib/dlg  mutants. Consistent with the previous report
[48], we observed that the border cell migration in stage
10 scrib mutant chambers was completely blocked (data
not shown). Moreover, a similar phenotype of border cell
migration was also detected in dlg mutant chambers at
stage 10 (data not shown). To understand the mecha-
nisms underlying expression of the border cell marker at
the most anterior terminal of scrib/dlg mutant chambers,
we further analyzed the coordinated activities of JAK and
Notch signaling. In the case of JAK/STAT pathway,
STAT92E nuclear accumulation was evident in the mutant
FCs surrounding polar cells at the anterior pole (scrib2,
100%, n = 15; dlgm52, 100%, n = 14) (Fig 6B, C), showing
the presence of JAK signaling activity. In parallel, activa-
tion of Notch signaling occurs in each anterior FCs of
most of mosaic chambers tested, as indicated by the
Table 1: Expression of the AFC markers in scrib/dlg mutant clone cells at the posterior terminal
Presence of The AFC Fate in PFC Clones
AFC Markers Cell Types scrib2 dlgm52
Slbo Border Cell 0% (n = 66) 0%(n = 54)
MA33 Stretched Cell 0% (n = 37) 0%(n = 12)
BB127 Centripetal Cell 10%(n = 20) ND
L53b Anterior Follicle cell ND 8.3%(n = 36)
dpp-lacZ Anterior Follicle cell 9.1%(n = 22) NDBMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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expression of Hnt and m7-lacZ in the mutant cells (Hnt:
scrib2, 93.7%, n = 47; dlgm52, 87.7%, n = 57; m7-lacZ:
dlgm52, 52.2%, n = 46) (Fig 6E, F, and 6G). Thus combined
JAK and Notch signaling activity pattern provides a good
basis that a number of the most anterior cells in scrib/dlg
mutant follicular epithelium can still adopt a border cell
fate.
We next examined effects of scrib/dlg mutations in specifi-
cation of the more central anterior fates, stretched and
centripetal cells populations using enhancer trap line
MA33 and BB127 respectively. As depicted in Fig 5E, F and
Table 2, in a certain percentage of stage 10 scrib or dlg
mutant egg chambers, MA33 expression was absent in
clones at the stretched cell territory (scrib2, 26.5%, n = 34;
dlgm52, 27.6%, n = 29), implying a defect in stretched cell
differentiation. Starting from stage 9 specified stretched
cells undergo a morphogenetic change to become a squa-
mous epithelium covering nurse cells at the anterior [2]. It
is conceivable that defective patterning of the stretched
JAK and Notch signaling can not be coordinately activated in scrib/dlg mutant FCs at the posterior Figure 4
JAK and Notch signaling can not be coordinately activated in scrib/dlg mutant FCs at the posterior. Wild type (A, 
D, F and I) and mosaic egg chambers with scrib2 (B, E and G) or dlgm52 (C, H and J) clones marked by the absence of nuclear 
GFP (green in B, E, G and J) or β-gal (green in C and H), stained for nuclei (DAPI, blue) and STAT92E (red in A-C), Hnt (red in 
D-E), Cut (red in F-H) or β-gal (red in I-J). (A-C) In the wild type egg chamber at stage 9, STAT92E accumulates to high levels 
in nuclei at the posterior pole, with gradual reduction toward the center of the chamber (A, A'). STAT92E nuclear accumula-
tion was present only in the outer layer of the multilayered scrib2 (B-B") and dlgm52 (C-C") clones. Note that the wild type polar 
cells (arrows in B, B', C and C') are in close proximity to the single layer of outer cells of multilayered clones. (D, E) Hnt is 
expressed in all wild type FCs after stage 6 (D). In scrib2 multilayered clones, Hnt expression can be detected in the inner cells, 
rather in outer layer (E-E"). (F-H) In the wild type, expression of Cut is present in FCs until stage 6 (F). In a stage 9 egg cham-
ber with scrib2 (G-G") or dlgm52 (H-H") clone, Cut expression is evident in the outer layer of the multilayered clone. Note that 
Cut remains in a low level in the inner cells. (I, J) The Notch signaling reporter m7-lacZ can be activated in all FCs from stage 
6-8 in the wild type (I). The m7-lacZ activity is localized to the inner cells of multilayered clones in dlgm52 egg chamber at stage 
7 (J-J").BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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cell population will subsequently block its spreading,
which happens during the morphogenesis. As predicted,
in vast majority of scrib/dlg mutant clones with defective
differentiation of the stretched cells, the mutant cells
failed to spread out and adopt the squamous morphology
indicative of aberrant morphogenesis (scrib2, 88.8%, n =
9; dlgm52, 87.5%, n = 8) (Fig 5E). Likewise, loss of scrib
function in FCs at the anterior resulted in a failure to
express BB127 in a high percentage of stage 10b mosaic
chambers harboring both stretched and centripetal cell
clones (77.8%, n = 27) (Fig 5G and Table 2), indicating a
loss of centripetal cell fate. Further study revealed that the
defective "centripetal cells" can not migrate centripetally
(90.4%, n = 21) (Fig 5G). Thus, we conclude that muta-
tions in scrib/dlg perturb specification of the more central
anterior fates. Given that the graded activities of JAK/STAT
pathway are necessary for determining specific fates
within the anterior terminal domain, we sought to ana-
lyze JAK signaling activity in clones harboring the
stretched and centripetal cell populations by examining
the nuclear accumulation of STAT92E protein. In the wild
type, nuclear accumulation of STAT92E indicative of the
JAK signaling activities is still present in the specified
squamous FCs covering the nurse cells at stage 10 (Fig
6H), but absent in specified centripetal cells (date not
shown). We, therefore, chose to determine whether muta-
tions in scrib/dlg perturb JAK signaling during patterning
and early morphogenesis of the stretched cell population.
Strikingly, in all defective "stretched cells" of scrib/dlg
mutant clones (scrib2, n = 25; dlgm52, n = 21), STAT92E
Inactivation of scrib and dlg cause aberrant anterior patterning of the follicular epithelium Figure 5
Inactivation of scrib and dlg cause aberrant anterior patterning of the follicular epithelium. Wild type (A and D) 
and scrib2 (B, E and G) or dlgm52 (C and F) mosaic egg chambers labeled by the absent of the nuclear GFP (green), stained for 
nuclei (DAPI, blue) and Slbo (red in A-C) or β-gal (red in D-G). (A-C) In the scrib2 (B-B") or dlgm52 (C-C") multilayered clones 
at the anterior of stage 9 egg chambers, a number of FCs located around the polar cells can express Slbo and adopt the border 
cell fate. (D-F) In the wild type, enhancer trap reporter MA33 specifically labels the stretched cell population, which forms a 
squamous epithelium over the nurse cells through morphogenesis during stage 9-10 (D, D'). No MA33 expression is found in 
the mutant cells of scrib2 (E, E") or dlgm52 (F, F") stretched cell clone (outlined with white dots). Note that the mutant cells do 
not flatten and migrate towards covering the nurse cells (E, E'). (G) Compared with the stage 10b wild type egg chamber (Fig 
3E, E'), clones homozygous for scrib2 neither express the centripetal cell specific marker BB127 nor migrate in between the 
oocyte and nurse cells (arrow in G-G").BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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protein accumulates in nuclei to a level comparable with
that in wild type stretched cells (Fig 6I, J), indicating that
activation of JAK/STAT pathway can still occur in the
mutant cells. Thus, these data suggest that defective pat-
terning of the stretched cell population induced by loss of
scrib or dlg does not require disruption of the JAK/STAT
pathway.
Overall, mutations in scrib/dlg cause an aberrant anterior
patterning of the follicular epithelium, particularly a
defect in specification of the stretched and centripetal cell
fates. In this circumstance, defective AFC cell fate induc-
tion is closely correlated with the aberrant morphogene-
sis.
scrib genetically interacts with dlg in posterior patterning 
of the epithelium
A genetic interaction between scrib and dlg in controlling
migration and invasion of FCs has been reported in a
recent study [48]. Considering that scrib and dlg have a
very similar mutant phenotype of defective AFC and PFC
fate induction at oogenesis, we tested for genetic interac-
tions between the two genes in AP patterning of the epi-
thelium. In this experiment, an RNAi transgene of dlg,
UAS-dlgRNAi available from the VDRC, was employed to
specifically knockdown expression of dlg in the epithe-
lium. Prior to test for the genetic interactions, we validated
the specificity of this transgene in down-regulation of the
endogenous dlg expression. First, we targeted expression
of the transgene in posterior compartments of the wing
imaginal discs by using en-Gal4 driver and examined dlg
expression in the epithelial cells. The immuno-staining
assay clearly showed a remarkable reduction of Dlg in
those cells (data not shown). Second, we knocked down
dlg in all FCs heterozygous for dlgm52 for phenotypic anal-
ysis. As depicted in Fig 7A, the dlgRNAi-knockdown
induced phenotype was enhanced by expression of this
RNAi transgene in dlgm52 heterozygosity, as indicated in
loss of the PFC fate and presence of multilayered FCs at
the anterior. Collectively, these data demonstrated that
this RNAi transgene can specifically target the endogenous
dlg for an inactivation.
Figure 6
JAK and Notch signaling can be activated in scrib/dlg
mutant FCs at the anterior. Wild type (A, D and H) and
scrib2 (B, E and I) or dlgm52 (C, F, G and J) mosaic egg cham-
bers labeled by the absent of the nuclear GFP (green),
stained for nuclei (DAPI, blue) and STAT92E (red in A-C and
H-J), Hnt (red in D-F) or β-gal (red in G). (A-C) STAT92E
protein accumulates in the nuclei predominantly at the ante-
rior pole of the stage 8 wild type egg chamber (A, A'). This
nuclear accumulation can still be observed in a number of
anterior clone cells surrounding polar cells in scrib2 (B-B")
or dlgm52 (C-C") mosaic chambers at stage 8. (D-F) At stage
9 Hnt is expressed in all FCs in the wild type egg chamber
(D, D'). Staining of Hnt is also evident in almost all mutant
cells of the scrib2 (E-E") or dlgm52 (F-F") multilayered clone.
(G) In stage 6 egg chamber with dlgm52 clone at the ante-
rior, m7-lacZ reporter is expressed in all mutant AFCs (G-
G"). (H-J) In stage 10 wild type egg chamber, STAT92E
nuclear accumulation is observed in the stretched cells (H,
H'). STAT92E protein can accumulate in the nuclei of scrib2
(I, I") or dlgm52(J, J") clone cells at the anterior to a level
comparable with that in the wild type stretched cells. Note
that the mutant cells can not flatten and migrate normally
(arrows in I, I', J and J').
Table 2: Induction of distinct AFC fate in scrib/dlg mutant clone 
cells at the anterior terminal
Absence of The AFC Fate in AFC Clones
AFC Markers scrib2 dlgm52
Slbo 4.5% (n = 67) 13.7% (n = 51)
MA33 26.5% (n = 34) 27.6% (n = 29)
BB127 77.8% (n = 27) NDBMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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We next investigated whether scrib  interacts genetically
with dlg in subdivision of the follicular epithelium into
distinct cell types. GR1-Gal4-driven expression of dlgRNAi
in the entire epithelium heterozygous for dlgm52 caused
failure of the FCs at the posterior to differentiate properly
in a certain percentage of the mutant chambers (Fig 7A).
Strikingly, heterozygosity for scrib2 increases the pene-
trance of defective PFC fate induction in dlgm52/+; dlgRNAi
mutant chambers (Fig 7A, Bb and 7Bb'), strongly suggest-
ing that scrib and dlg act in a common pathway to function
in posterior patterning of the epithelium. Likewise,
genetic interactions of scrib with dlg were also observed for
FC overaccumulation at the anterior (Fig 7A and 7Bc). In
this case, however, development of the mutant chambers
with multilayered FCs at the anterior was completely
blocked before expression of the enhancer trap markers
for the AFC fates appears at stage 10. This impeded a direct
assay of the AFC fate in the mutant epithelium with cell
overaccumulation at the anterior. For those mutant cham-
bers with the FCs at the anterior remaining a monolayer,
we detected expression of the AFC fate marker L53b in
anterior mutant FCs (data not shown). Thus, study of
genetic interactions between scrib and dlg in the anterior
patterning is inconclusive.
Discussion
In the present study we show that scrib/dlg function in
both anterior and posterior patterning of the follicular
epithelium. While removal of scrib or dlg function from
the FCs at the posterior terminal completely blocked spec-
ification and differentiation of the PFCs, loss-of-function
mutations in scrib/dlg at the anterior domain resulted in a
partially penetrant phenotype of defective AFC cell fate
induction as indicative of absence of the stretched and
centripetal cell types at stage 10 of egg chambers. The dif-
ferential regulation of the PFC and AFC cell differentia-
tion by scrib/dlg  could be attributable to the distinct
signaling basis underlying the follicular patterning at the
two terminals. In the case of posterior patterning, the
combinatorial and sequential activities of JAK/STAT,
EGFR and Notch signaling pathways play key roles in this
process. The fully penetrant phenotype of aberrant PFC
fate specification in posterior scrib/dlg mutant clones can
be explained by the fact that inactivation of scrib or dlg
completely perturb the EGFR signaling. Further investiga-
tion demonstrated that scrib/dlg  mutation also causes
defects in coordinated activation of JAK/STAT and Notch
pathways in each multilayered clone cell, as evident in
localized activity of JAK signaling and Notch signaling in
the outer layer and inner layer respectively (Fig 4B, C, E,
G, H, and 4J). Thus, the mutant cells at the posterior ter-
minals generally do not adopt a terminal cell fate either.
At the anterior, AFC fate induction requires JAK and
Notch signaling activities. Current data, however, do not
Figure 7
scrib shows genetic interaction with dlg in posterior
patterning of the follicular epithelium. (A) Quantifica-
tion of loss of the PFC fate and FC overaccumulation at the
anterior. Heterozygous scrib2 increases the penetrance of
loss of the PFC fate and overaccumulation of the AFCs in
dlgm52/+; dlgRNAi egg chambers in which GR1-Gal4-driven
expression of the dlgRNAi transgene is induced in all FCs
heterozygous for dlgm52(** P < 0.01). (B) Egg chambers at
stage 9 from wild type (a) and dlgm52/+; dlgRNAi; GR1-Gal4/
scrib2 females (b, c) stained for β-gal (green in a, b; white in
b'), nuclei (DAPI, blue), and Phalloidin (red in a, b and c). The
specified PFCs can be visualized by the enhancer trap marker
998/12 in stage 9 wild type egg chamber (a). Loss of 998/12
expression is evident in most of the multilayered FCs at the
posterior in dlgm52/+; dlgRNAi; GR1-Gal4/scrib2 egg cham-
bers in which endogenous dlg is knockdowned in all FCs dou-
bly heterozygous for dlgm52 and scrib2 (b, b'). In these
mutant chambers, FC overaccumulation is also observed at
the anterior (c).BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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exclude a possibility that other unknown signals are
involved in specifying the distinct AFC cell types, e.g. the
stretched and centripetal cells[1,6,7]. We observed that
while JAK signaling activity is present in the FCs surround-
ing the polar cells, preferentially in outer cells of the mul-
tilayered clones at the anterior terminals, activation of
Notch pathway occurs in almost all mutant cells. The
combined pattern of JAK and Notch signaling activity in
the anterior mutant cells provides a good basis that the
border cell, at least Slbo-expressing cell fate, can be
induced in the most anterior region of the multilayered
clones. However, our clonal analysis revealed specifica-
tion of the stretched or centripetal cell types in corre-
sponding mutant clones at the anterior is disrupted, albeit
to a lesser extent. Considering the presence of JAK signal-
ing activity in the mutant clone cells, we assume that loss-
of-function mutation of scrib/dlg may perturb other uni-
dentified signals implicated in patterning of the stretched
and centripetal cell subpopulations.
We have identified in this report aberrant EGFR signaling
pathway as the mechanism underlying defective PFC fate
induction in scrib/dlg mutant FCs. In addition to EGFR
pathway, loss of scrib  or  dlg  function at the terminal
domains can differentially affect JAK and Notch signaling
activities in the multilayered clone cells. JAK signaling was
absent in inner cells of the multilayered clones at the two
terminals. Conversely, loss of Notch activity was localized
to outer cells of the posterior multilayered clones. This
discrepancy is likely to be linked to the spatial and tempo-
ral control of each signaling activity with respect to growth
and patterning of the FC layer during oogenesis. Starting
from stage 6 of oogenesis, Notch signaling is activated in
all epithelial FCs for inducing the mitotic-to-endocycle
transition [12,13]. Given that at this time the multilayered
cells have been formed in scrib/dlg mutant clones at the
terminals, it can be imagined that activation of Notch
pathway occurs only in the mutant cells directly contact-
ing the Delta-producing germ cell, as shown in the inner
cells of the posterior mutant clones (Fig 4E, G, H and 4J).
This scenario was further justified by the recent report that
loss of lgl causes the same aberrant Notch signaling pat-
tern in the posterior multilayered FCs as scrib/dlg mutation
does [49]. Surprisingly, the multilayered scrib/dlg mutant
clones at the anterior display a distinct Notch signaling
pattern in which almost all FCs regardless of their spatial
relation with the oocyte are positive for Notch activation
(Fig 6E, F and 6G). Although at this point we do not
understand the basis for this controversial pattern of
Notch activity in the mutant clones at different terminals,
this mechanism may partly underlie the observation in
the present study that loss-of-function mutations in scrib/
dlg differentially affect anterior and posterior patterning of
the epithelium.
Likewise, the distinct pattern for JAK/STAT pathway activ-
ity between the inner and outer cells in scrib/dlg mutant
clones is probably due to the spatial location of the ligand
sources relative to the multilayered cells. Indeed, analysis
of the polar cell positioning in the mutant clones revealed
that the polar cells are in close proximity to the single
layer of outer cells that retain JAK signaling activity (scrib2,
95.3%, n = 43; dlgm52, 88.9%, n = 27) (see Additional file
1) (Fig 4B, C). The positioning of the polar cells led us to
argue that inner cells in the multilayered clones do not
respond to the signaling ligand Unpaired secreted from
polar cells, presumably due to their spatial relation with
the ligand source. However, unlike the Notch pathway,
JAK signaling is activated in FCs at the terminal domains
of the egg chambers at early oogenesis after the polar/stalk
cells are specified [6,7,22]. This temporal regulation
might be alternatively responsible for the distinct JAK/
STAT activity pattern in the multilayered clone cells. In
this model, we assume that JAK/STAT pathway is activated
in the mutant FCs at the terminal domains prior to occur-
rence of the cell overaccumulation. Thus, the presence of
JAK signaling activity in single outer cell layer of the mul-
tilayered scrib/dlg mutant clones may indicate the initial
activation of JAK/STAT pathway induced by the polar cells
for specifying the terminal fate at early oogenesis. On the
contrary, the inner cells deriving from the overaccumula-
tion fail to respond to Unpaired ligand. Further studies in
this direction will better define the underlying mecha-
nisms for defective follicular patterning elicited by loss of
scrib or dlg.
The phenotypic effects of scrib/dlg mutation in posterior
patterning of the epithelium are similar to those of the
Hpo pathway deficiency [24-26]. Further characterization
of the patterning defects, however, reveals distinct under-
lying mechanisms for these two instances. In the case of
the Hpo pathway, loss of the pathway component Hippo,
Salvador, or Warts disrupts Notch signaling in all mutant
FCs at the posterior via interfering with endocytosis of the
Notch receptor, thereby resulting in aberrant PFC cell
specification and differentiation at mid-oogenesis [24-
26]. By contrast, activation of the Notch signaling is evi-
dent in inner cells of the multilayered scrib/dlg mutant
clones at the posterior (Fig 4E, G, H and 4J) and almost all
the multilayered clone cells at the anterior (Fig 6E, F and
6G). Furthermore, the fully disrupted EGFR pathway asso-
ciated with the posterior patterning defects conferred by
loss of scrib or dlg clearly distinguishes the Hpo pathway
from scrib/dlg in the signaling basis for the mutant pheno-
type of defective PFC fate induction ([24-26] and this
paper). In Drosophila, scrib/dlg are known to encode scaf-
folding proteins that are localized at the septate (basola-
teral) junctions of epithelial cells, and regulate the apico-
basal cell polarity[31,35,50-52]. Previous studies have
demonstrated that mutations in scrib/dlg disrupt the epi-BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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thelial polarity in the FCs at the terminal domains of egg
chambers, exhibiting mislocalized cell polarity proteins
[31,48,53]. Based on this fact, one would surmise that the
polarity defects observed in the posterior scrib/dlg mutant
FCs perturb the apical accumulation of EGFR receptors,
rendering these cells incompetent to respond to EGF sig-
nals due to failure of EGFR activation. However, further
studies in this paper disapproved this simple scenario.
Instead, we found that ERK is di-phosphorylated in the
posterior FCs lacking scrib or dlg, suggesting that the EGFR
in the mutant cells can still be activated in response to Grk
signal. Thus, this finding points out that blocking in signal
transduction from the activated ERK to the downstream
targets elicited by loss of scrib or dlg may result in failure
of the mutant FCs at the posterior to respond to EGFR sig-
nals.
Once the specified FC cell types are induced, each cell
population will undergo a unique morphogenetic change
and execute respective functions [2]. Remarkably, we
observed a concurrent defect in morphogenesis of those
anterior scrib/dlg mutant clone cells with aberrant pattern-
ing of the stretched or centripetal cell subpopulation (Fig
5E, G and Fig 6I, J). It would be interesting and important
to determine whether scrib/dlg is implicated in morpho-
genesis of the patterned follicular epithelium as well. For
this purpose, we need to identify a scrib or dlg mutant
allele for certain genetic background in which the mor-
phogenesis can be uncoupled from the patterning process.
Under such circumstance could we generate scrib/dlg
mutant clones with proper patterning of the AFC cell
types, and then test how the subsequent morphogenesis
occurs in the specified cell subpopulations, e.g. the
stretched and centripetal cells. Likewise, a hypomorphic
scrib or dlg allele with certain reduced activity could be of
great value to understanding better how the specified
PFCs function in polarization of the oocyte at mid-oogen-
esis. Interestingly, we found that RNAi-mediated knock-
down of the endogenous dlg  expression alone in the
follicular epithelium can disrupt the oocyte polarity as
indicative of mislocalization of Stau, but properly induce
the PFC fate (our unpublished data). This unexpected
observation led us to propose that expression of this
dlgRNAi transgene may specifically perturb the process in
which the specified PFCs control formation of the oocyte
polarity. Thus, screening a Drosophila mutant library such
as the transgenic RNAi library for gene(s) modifying the
dlgRNAi phenotype would unveil the mechanisms respon-
sible for involvements of dlg in regulation of the PFC func-
tion.
Conclusion
In this paper we present the first demonstration that the
tumor suppressor genes scrib and dlg are required in the
FCs for patterning of the follicular epithelium along the
AP axis during Drosophila oogenesis. Genetic interaction
of  scrib  with  dlg  in specification and differentiation of
PFCs indicates a cooperative role between these two
genes. While the data clearly show a differential role of
scrib/dlg in anterior and posterior patterning of this epithe-
lial layer, the underlying mechanisms await further inves-
tigations. Overall, study in this direction may provide
alternatives for addressing scrib/dlg-mediated regulation of
cell polarity and proliferation in epithelial tissues.
Methods
Fly stocks and genetics
All Drosophila stocks were maintained and crossed at 25°C
according to standard procedures. Egg chamber stages are
according to Spradling [54]. The Canton S (CS) strain was
used as wild type. scrib2 and scrib1 are null alleles of scrib
[31,52], and dlgm52 is a null allele of dlg [50]. The trans-
genic RNAi line for dlg, UAS-dlgRNAi, was obtained from
Vienna Drosophila RNAi Centre (VDRC, Transformant ID
41134). en-Gal4 (gift from A Bergmann) [55] and GR1-
Gal4 (gift from T Schüpbach) [56] were used to drive its
expression.
Mutant clones were generated by mitotic recombination
using FLP/FRT Technique [57]. Homozygous scrib2, scrib1
or dlgm52 clones were generated by crossing FRT82B scrib2/
TM3 Sb (gift from D Bilder) or FRT82B scrib1/TM3 Ser (gift
from HE Richardson) to yw hsFLP;FRT82B ubi-GFPnls, or
crossing  FRT101 dlgm52/FM7  (gift from S Goode) to
FRT101 hGFP/FM7; hsFLP/CyO (gift from DA Harrison) or
FRT101 tub-lacZ hsFLP/FM7 (gift from S Goode). To
obtain follicle cell clones, the flies were heat-shocked as
3rd instar larvae and pupae at 37°C for 1 h on 4 consecu-
tive days. Before dissection, all adults were put into fresh
food vials for 2 days. The following enhancer trap markers
were incorporated into the above fly strains for making
scrib2 or dlgm52 clones: 998/12 (gift from D St Johnston)
[5], Kinesin-lacZ (yw Kinesin-lacZ, gift from D St Johnston
and KZ503, gift from YN Jan) [17], kek enhancer trap line
BB142 (gift from T Schüpbach) [23,37], m7-lacZ  (gift
from T Xie) [24,46], MA33, BB127, L53b (gift from DA
Harrison) [8,41], dpp-lacZ (Bloomington Drosophila Stock
Center) [42]. 998/12 was recombined onto the FRT82B,
scrib2 chromosome using meiotic recombination.
Antibodies and immunofluorescence
For antibody staining, ovaries were dissected into phos-
phate buffered saline (PBS) with 0.1% bovine serum albu-
min, fixed in 4% paraformaldehyde for 30 min and
washed three times with PBST (0.3% Triton X-100 in PBS)
except for anti-STAT92E and anti-dp-ERK staining. Then
ovaries were permeabilized in PBS with 1% Triton X-100
for 1 h at room temperature (RT) followed by a 2 h incu-
bation in PBST with 10% normal goat serum. Primary
antibodies were incubated with ovaries at 4°C overnight.BMC Developmental Biology 2009, 9:60 http://www.biomedcentral.com/1471-213X/9/60
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On the following day, ovaries were washed with PBST
three times for 20 min and blocked for 1 h at RT. Then
they were incubated with secondary antibodies or Phalloi-
din-TRITC (Sigma) at RT for 2 h, and stained with DAPI
(Molecular Probes) for 10 min. Finally, ovaries were
rinsed three times with PBST and mounted in VECTASH-
IELD Mounting Medium (Vector Laboratories). For anti-
STAT92E staining ovaries were washed and incubated in
PBS with 0.3% Tween-20. For anti-dp-ERK staining ova-
ries were fixed for 30 min in 8% formaldehyde, rinsed for
an hour in PBS with 0.1% Tween-20, and stored overnight
in methanol. After progressive rehydration and block, the
ovaries were incubated with anti-dp-ERK antibodies.
The following primary antibodies were used in this work:
rabbit anti-Stau (1:2000 gift from D St Johnston) [58],
mouse anti-β-gal (1:10 DSHB 40-1a), rabbit anti-β-gal
(1:50000 Cappel), rabbit anti-DG (1:3000 gift from WM
Deng) [59], mouse anti-dp-ERK (1:200 Cell Signaling)
[39,40], rabbit anti-STAT92E (1:1000 gift from SX Hou)
[60], mouse anti-Hnt (1:200 DSHB 1G9), mouse anti-Cut
(1:100 DSHB 2B10), rat anti-Slbo (1:500 gift from P
Rørth) [61], mouse anti-Dlg (1:1000 DSHB 4F3), mouse
anti-Fas3 (1:200 DSHB 7G10). Secondary antibodies con-
jugated with Alexa Fluor 488, 546, 568 (Molecular
Probes) were used at 1:1000 dilutions.
Confocal images were captured on Zeiss LSM 510 META
laser scanning microscope and processed in Adobe Pho-
toshop.
Statistical analysis
P-values were calculated by applying χ2-test.
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